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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to novel cyclohexylcyclohexene derivatives that are useful as efectrooptic 
display materials. 

Typical examples of liquid-crystal display cells include the dynamic scattering mode cell proposed by 
G.H. Heilmeier et al. in Appl. Phys. Letters, 13, 46 (1968), the field-effect mode cell proposed by M. Schadt 
et al. in Appl. Phys. Letters, 18, 127 (1971), and the quest-host mode cell proposed by G.H. Heilmeier et al. 

10 in Appl. Phys. Letters, 13, 91 (1968). 

While various characteristics are required of liquid-crystal materials used in these liquid-crystal display 
cells, the most important one which must be shared by all display cells is that they have a nematic phase 
over a broad range of temperatures including room temperature. Many of the practically feasible liquid- 
crystal materials satisfying this requirement are usually prepared by mixing several or more components 

75 including a compound having a nematic phase at a temperature in the vicinity of room temperature and a 
compound having the nematic phase in the temperature range higher than room temperature. Many of such 
mixed liquid crystals commercially used today are at least required to have a nematic phase over the entire 
range of temperatures from -30 *C to +65*C. With the recent expansion in the fields of applications of 
liquid-crystal display cells, a need has arisen for the development of liquid-crystal materials in which the 

20 temperature range for the appearance of a nematic phase is extended to even higher levels. More recently, 
it has become necessary to develop a nematic liquid-crystal compound having a high N-l point, that is, 
temperature at which a transition occurs from nematic to isotropic liquid phase or vice versa. 

To meet these needs, U.S. Patents 4,422,951, 4,439,340 and 4,536,321, as well as European Patents 
62,470 and 119,756 have proposed compounds such as 4-[4'(4*-substituted cyclohexyl)-cyclohexyl] substi- 

25 tuted benzene that have N-l points around 200 'C. Liquid-crystal compounds having a nematic phase in an 
even higher temperature range are described in U.S. Patents 4,472,293 and 4,477,369, as well as European 
Patents 84,974 and 99,099; the compounds proposed in these patents include 4,4'-bis(4-substituted phenyl)- 
bicyclohexane, 4-substitutedz-{4'-[4*-(4*-alkylcyclohexyl)cyclohexyl]cyclohexyl}-benzene, 4-alkyl-4"-(4- 
halogenophenyl)-octadecahydro-p-terphenyl and 4-alkyl-4"(3,4-difuorophenyl)-octadecahydro-p-terphenyland 

30 have N-l points around 300 • C. 

However, the compounds proposed in these prior patents suffer from the disadvantage that their C-N 
point (temperature at which a transition occurs from crystalline to nematic phase or vice versa) or S-N point 
(temperature at which a transition occurs from smectic to nematic phase or vice versa), which are the lower 
limits of the temperature range there a nematic phase occurs, are high. 

35 If these compounds having high C-N or S-N points are added to nematic mixed liquid crystals which 
are commonly used in practice as host liquid crystals with a view to enhancing their N-l points, a crystalline 
or smectic phase will appear in the low-temperature range. 

SUMMARY OF THE INVENTION 

40 

An object, therefore, of the present invention is fo provide a novel liquid-crystal compound that has a 
high N-l point and a low C-N or S-N point. 

According to one aspect, the present invention provides a compound represented by the general 
formula: 

45 




50 

wherein R is a straight-chained alkyl group having 1-9 carbon atoms; 



55 




X is a cyano group and Y is a hydrogen or fluorine atom. 
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According to a second aspect, the present invention provides a compound represented by the general 
formula: 



5 




wherein R is a straight-chained alkyl group having 1-9 carbon atoms; and 

10 




X is a fluorine atom or a straight-chained alkyl group having 1-9 carbon atoms, and Y is a hydrogen or 
25 fluorine atom. '"**"* 

The compounds according to the above two general formulae are hereafter termed the compounds of 
formula (I). 

The compounds of the present invention can be produced by one of the following methods: 

30 
35 
40 
45 

c 

50 
55 
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(1) When 



-G>©-is or -($0- : 




35 



40 



45 



50 



55 
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Seventh step 



HI 



(CH 5 ) 3 SiI 




(CH 3 ) 3 SiO 



(CH s .) s SiOH. 



Oh* 



•HI 




(XI) 



... (XII) 



... (XHI-a) 




... (XHI-b) 



CCH 3 )jSiI+CCH 3 ) 5 SlOH 
I 

HI + CCH 5 ) 3 SiOSi CCH 5 ) 3 

J 
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R4< A 



H 



O 



n 



. (XlV-a) 




I 



(XlV-b) 



(XV-a) 



(XV-b) 



(XlV-a) 



... (XlV-b) 



Refluxed in the presence 
of acid catalyst 
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. .. (I-a) 



. (I-b) 



. .. (I-c) 



. (I-d) 



Y 



(in the reaction scheme described above, R, 

and Y have the same meanings as defined above; n is 0 or 1 ; and 2 is a fluorine atom, a chlorine atom, 
a straight-chained alkyl or alkoxyl group having 1 - 9 carbon atoms). 
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(2) Wh n 




50 
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. . . ( XV-a ) 



. .. (xv-b) 



• (l-e) 



• d-f) 



30 (in the reaction scheme described above, R, 

-©- 

35 

and Y have the same meanings as defined above; and Z is a fluorine atom, a chlorine atom, a straight- 
chained alkyl or alkoxyl group having 1 - 9 carbon atoms). 

The individual steps of the process for producing the compound of formula (I) are described below in 
detail. 

so First step : A compound of formula (II) is reacted with a magnesium power in an ether-based solvent such 
as anhydrous tetrahydrofuran (hereinafter abbreviated as THF) at 15 - 30- C for 1 - 2 hr to prepare a 
compound of formula (III). 

Second Step : To a solution of the compound of formula (III), a solution of a compound of formula (IV) in 
anhydrous THF is added at 5 - 20 • C and the mixture is subjected to reaction at 10 - 30 • C for 30 min to 
45 1 hr; thereafter, the reaction product is decomposed with a saturated aqueous solution of ammonium 
chloride to prepare a compound of formula (V). 

Third step : The compound of formula (V) is subjected to reaction in a water-insoluble inert solvent such 
as toluene for 0.1 - 8 hr under reflux in the presence of an acidic catalyst such as p-toluenesulfonic acid; 
after cooling the reaction mixture, the solvenMayer is washed first with a saturated aqueous solution of 
so sodium hydrogen carbonate, then with a saturated aqueous solution of sodium chloride; after drying, the 
solvent is distilled off and the crude reaction product is recrystallized from an alcoholic solvent such as 
ethanol to prepare a compound of formula (VI). 

Fourth step : The compound of formula (VI) is dissolved in a water-insoluble inert solvent and catalytically 
r duced at 20 - 80* C for 6 - 30 hr at a hydrogen pressure of no more than 3 kg/cm 2 in the presence of 
55 a hydrogenation catalyst such as platinum oxid or Ran y nickel to pr pare a compound of formula (VII). 
Fifth step : Th compound of formula (VII) is dissolv d in an inert solv nt such as toluen and reacted 
with an acidic aqueous solution such as dilute sulfuric acid for 5 - 6 hr und r reflux; aft r cooling the 
reaction mixtur , the solvent layer is washed with water, dri d and freed of the solvent by distillation; the 
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crude reaction product is purified by column chromatography on silica gel and further purified by 
recrystaliization from a mixed solvent of n-hexan and tolu ne to pr pare a compound of formula (VIII). 
Sixth step : A compound of formula (IX) is converted to a lithium salt by r action with lithium in an ether- 
based solvent such as anhydrous diethyl ether under reflux for 2 - 9 h; to the lithium salt, a solution of 
5 the compound of formula (VIII) in an ether-based solvent such as anhydrous diethyl either is added at 
-20 *C to +5*C and reaction is performed at 5 - 25* C for 30 min; the reaction mixture is decomposed 
with water and the reaction product is extracted with toluene; the extract is washed with water, dried and 
freed of the solvent by distillation to prepare a compound of formula (X). 

Seventh step : The compound of formula (X) is dissolved in n-hexane or toluene; the solution is added to 
10 an acetonitrile solution of iodo-trimethyisiiane prepared from chlorotrimethylsiiane and sodium iodide in 
acetonitrile and the mixture is subjected to reaction at 5 - 10 # C for 30 min - 1 h; in this way, a reaction 
mixture composed of compounds of formulas (XlV-a), (XlV-b), (XV-a) and (XV-b) is prepared from the 
compound of formula (X) via an intermediate composed of compounds of formulas (XII), (Xlll-a) and (XIII- 
b). 

rs To this reaction mixture, a base such as 1,8-diaza-bicyclo(5,4,0)undecene-7(hereinafter abbreviated as 
DBU) is added and reaction is performed at 5 - 30* C for 5 - 20 hr so as to prepare compounds of formulas 
(XlV-a) and (XiV-b) from compounds of formulas IXV-a) and (XV-b), respectively. After adding water to the 
reaction mixture, the compounds of formulas (XlV-a) and (XlV-b) are extracted with toluene and the extracts 
are washed successively with dilute HCI, a saturated acidic aqueous solution of sodium hydrogen sulfite, a 
20 saturated aqueous solution of sodium hydrogencarbonate and a saturated aqueous solution of sodium 
chloride; after drying, the solvent is distilled off from the extracts. 

The mixture of compounds of formulas (XlV-a) and (XlV-b) is dissolved in an inert solvent such as 
toluene and subjected to reaction under reflux for 1 - 8 hr in the presence of an acidic catalyst such as p- 
toluenesulfonic acid, thereby isomerizing the cyclohexane ring from a cis-to trans-configuration; in this way, 
25 a mixture of compounds of formulas (l-a) and (l-b) or a mixture of compounds of formulas (l-e) and (l-f). all 
being within the scope of the present invention, is produced in high yield. 

These mixtures are purified by column chormatography on silica gel and further purified by recrystal- 
iization n-hexane or from a mixed solvent of n-hexane and ethanol. Subsequently, the compounds of 
formulas (l-a) and (I-b) or the compounds of formulas (l-e) and (l-f) are isolated from the purified products 
30 by high-performance liquid chromatography. The isolated compounds are recrystallized from n-hexane or a 
mixed solvent of n-hexane and ethanol, thereby producing pure compounds of formulas (l-a), (l-b),(l-e) and 
(l-f) which are within the scope of the present invention. 

Eighth step : A mixture of compounds of formulas (l-a) and (l-b) wherein Z is chlorine is dissolved in an 
aprotic polar solvent such as N-methyl-2-pyrrolidone (hereinafter abbreviated as NMP) and reacted with 
35 copper cyanide (CuCN) at 190 - 200 • C for 8 - 12 hr. After cooling, the reaction mixture is added to 30% 
aqueous ammonia and the reaction product is extracted with toluene. The extract is washed successively 
with 30% aqueous ammonia, water, dilute HCI, a saturated aqueous solution of sodium hydrogen- 
carbonate and a saturated aqueous solution of sodium chloride. After drying, toluene is distilled off from 
the extract. The crude reaction product is purified by column chromatography on silica gel and further 
40 purified by recrystaliization from ethanol to prepare a mixture of compounds of formulas (l-c) and (l-d). 
By high-performance liquid chromato graphy, th6 compounds of formulas (l-c) and (l-d) are isolated from 
the mixture and recrystallized from ethanol to produce pure compounds of formulas (l-c) and (l-d) within 
the scope of the present invention. 

Typical examples of the compounds of formula (I) thus produced are listed in Table 1 below together 
45 with their transition temperatures. 



50 



55 
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Table 1 



Transition 

Structural formula temperature (°C) 

n-C 3 H7-/~~) /j[\_^\-CN 69 (C—N) 

183 (N±?I) 

V - / w w 167 (N±?I) 



51 (C^N) 
148 (NJt>I) 



n -c 3 H 7 -^yry^-c^ 45 < C -* N > 

N - y ' ^-< F 133 (N*5l) 

CH 3 HgK><H>^-CH3 154 (C-l) 

W W 243 (N±?I) 

n-C 4 H 9 -^^-^~^-(H)-^-F 60 (C-S) 

244 (N*?I) 



64 (C— S) 
170 (S*=?N) 
238 (N*5l) 



\— / \-V V_/ 3 290 (N±?I) 

W W « X — ' 282 (N±>I) 
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10 n " c 4 H 9"OvVAiL^^ 148 (S±?N) 

^ 241 (N±5I) 

11 ^V/j^-O-^^ 158 (S±5N) 

235 (N±5l) 

(C, crystalline phase; S, smectic phase; N, nematic phase; 
I, isotropic liquid phase.) 

The compound of formula (I) of the present invention is a nematic liquid-crystal compound having a 
very weak positive, a positive or a weak negative anisotropy in dielectric constant. Therefore, when mixed 
with another nematic liquid-crystal compound having a negative or weak positive anisotropy in dielectric 
constant, the compound of the present invention can be used as the constituent material of a dynamic 
scattering mode display cell. Alternatively, it may be used as the constituent material of a field-effect mode 
display cell when mixed with another nematic liquid-crystal compound having a strong positive anisotropy in 
dielectric constant. 

Preferred examples of such compounds that can be used in admixture with the compound of formula (I) 
are listed below: 4'-substituted phenyl 4-substituted benzoate ester, 4'-substituted phenyl 4-substituted 
cyclohexanecarboxyate ester, 4'-substituted biphenyl 4-substituted cyclohexanecarboxyate ester, ^-substi- 
tuted phenyl 4-(4-substituted cyclohexanecarbonyloxy)benzoate ester, acid 4'-substituted phenyl 4-(4- 
substituted cyclohexyl)benzoate ester, 4'-substituted cyclohexyl 4-(4-substituted cyclohexyl)-benxoate ester, 
4-substituted 4-substituted biphenyl, 4-substituted phenyl-4'-substituted cyclohexane, 4-substituted 4"- 
substituted terphenyl, 4-substituted biphenyl 4'-substituted cyclohexane, and 2-(4-substituted phenyl)-5- 
substituted pyrimidine. 

Known compounds that are similar in chemical structure to the compound of formula (I) of the present 
invention and which have been proposed for use as materials that increase the N-l points of mixed liquid 
crystals are listed below in Table 2 together with their respective transition points. 



Transition 

No. Structural formula temperature (°C) 




(a) ry /Z\ /^\ 73 ( c ^ s ) 

81 (S±+N) 

243 (N±>I) 

(USP 4,439,340) 



90 (S±+N) 
F 207 (N±*I) 



(USP 4,536,321) 
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JO 



»5 



20 



25 



(C) 



(e) 



(f) 



CH 




(USP 4,422,951 and EP 62,470) 
C J H 5 -0<r>0<O> C35 



(DSP 4,477/369 and EP 84,974) 




190 (C— N) 

269 (N±*I) 

71 (C— S) 

254 (S±+N) 

293 (N±*I) 



106 (C^S) 
238 (S*?N) 
279 (N±+I) 



72 (C^S) 
217 (S±5N) 
299 (N^I) 



(USP 4,472,293 and EP 99,099) 



30 



35 



40 



When one compares Table 1 and 2, in particular compound Nos. 1 and 2 of the present invention with 
known compound (a), compound Nos. 3 and 4 with known compound (b), compound No. 5 of the present 
invention with known compound (c), and compound Nos. 6, 7, 10 and 11 with known compound (f), one will 
be able to understand the following: the compound of formula (I) of the present invention has a sufficiently 
high N-l point to be useful in the preparation of mixed liquid crystals that can be driven at high 
temperatures; the temperature range in which the compound of formula (I) exhibits a nematic phase than 
that of known compounds having a similar structure; and the compound of formula (I) has a C-N or S-N 
point that is much lower than those of known compounds having similar structures. 

Table 3 shows the N-l points of two mixed liquid crystals (B) and (C) containing 90 wt% of mixed liquid 
crystal (A) which is commercially used today as the host liquid crystal of nematic liquid-crystal materials; 
liquid crystal (B) additionally contains compound Nos. 8 and 9 of formula (I) (see Table 1) in respective 
amounts of 5 wt%, and liquid crystal (C) additionally contains compound Nos. 10 and 11 of formula (I) (also 
see Table 1) in respective amounts of 5 wt%. As & comparison, the N-l point of mixed liquid crystal (A) is 
also shown in Table 3. This liquid crystal (A) consists of the following components: 



45 



50 
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20 wt% 



t -c 5 H 7 AKO^ 



16 wt% n-CsHt 1 -y H 




16 wt% n-C;!^ 5 ~\ H 




CN 



CN 



8 wt% n 



8 wt% 



8 wt% 



8 wt% 



8 wt% 



and 



-C 5 H 7 -^H^OO-^O)- 00 ^" 5 



a-C 5 E 7 -^H^-COQ-(^QyO - n -C 4H 9 
n-C 4 H 9 H^T^- COO^Q^-OCfi 5 

n -C 4 H 9 ~(^y~ C0 °-(C^~ 00 2 K 5 
n-CsHi ! -^H^-coo-^Qy-QCgs 



8 wt% a-CsH! j 



» 4, 

-^H^~ COO-^^^- OC 2 H . 



Table 3 



Mixed liquid crystal 


N-l point (-C) 


(A) 


54.0 


(B) 


75.5 


(C) 


70.0 



One can see frorp the data shown in Table 3 that the compound of formula (I) is effective in achieving a 
mark d increase in the N-l point of mixed liquid crystal (A). 
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The following examples are provided for the purpose of further Illustrating the present invention but are 
in no way to be taken as limiting. 

EXAMPLE 1 

5 

A solution of p-dibromobenzene (53.0 g, 0.225 mol) in anhydrous THF (210 ml) was added dropwise to 
a magnesium powder (6.00 g, 0.247 gram atom) with stirring at 15 - 23* C. By further reaction at room 
temperature (25 • C) for 2 hr, a compound represented by the formula 

Br- Mg-^Q)-Br 

was obtained. 
15 A solution of a compound of the formula 



20 




0(26 g, 0.171 mol) in anhydrous THF (53 ml) was added dropwise to the above prepared Grignard reagent 
with stirring at 10 - 15* C, followed by reaction for another 30 min at room temperature. After completion of 
the reaction, the reaction mixture was added to a saturated aqueous solution of ammonium chloride and the 
25 reaction product was extracted with toluene. The extract was washed'with water and dried. When the 
solvent was distilled off from the dried solution, a crude product containing a compound having the structure 
shown below was obtained in an amount of 51 .7 g: 



30 




This crude product was dissolved in toluene (260 ml) and p-toluenesulfonic acid monohydrate (0.26 g, 
0.0014 mol) was added to the solution and subjected to a dehydration reaction under reflux for 4 h with 
stirring. After cooling the reaction mixture, the toluene layer was successively washed with a saturated 
aqueous solution of sodium hydrogencarbonate and a saturated aqueous solution of sodium chloride, and 
40 subsequently dried. The reaction product obtained by distilling off toluene was recrystallized from ethanol to 
obtain the pure form of a compound having the structure shown below in an amount of 42.0 g (0.142 mol); 
yield 83%: 



45 




so This compound (20.0 g. 0.0678 mol) was dissolved in toluene (50 ml). A catalytic amount of platinum 
oxide was added to the solution, which was stirred at ambient temperature and atmospheric pressure to 
perform a hydrogenation reaction. After completion of the reaction, the reaction mixture was filtered to 
remove th catalyst. By distilling off tolu ne from the filtrate, a crude product containing a compound having 
the structure shown below was obtained in an amount of 19.3 g: 

55 
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c: 




H 



Oh* 



70 



This crude product was dissolved in toluene (70 ml) and 10% sulfuric acid (50 ml) was added to the 
solution, followed by reaction with stirring for 6 h under reflux. After completion of the reaction, the reaction 
mixture was cooled and the toluene layer was washed with water and dried, followed by removal of toluene 
by distillation. The obtained crude product was purified by column chromatography on silica gei and further 
purified by recrystallization from a mixed solvent of n-hexane and toluene to obtain 10.3 g (0.0408 mol) of a 
compound having the structure shown below; m.p. 60 C and yield 60%: 



75 



In the next step, a compound (1.7 g, 0.011 mol) represented by the formula 



20 



II-C3H7 



-O 



CI 



25 was dissolved in anhydrous diethyl ether (6 ml). Lithium (0.15 g, 0:022 gram atom) was added to the 
solution, which was stirred for reaction under reflux for 4 h. After completion of the reaction, the reaction 
mixture was cooled and an anhydrous diethyl ether solution (7 m!) of the previously obtained compound of 
the formula 



30 




(2.2 g, 0.00087 mol) was added dropwise to this reaction mixture at -15 to -5*C, followed by reaction at 
35 room temperature for 30 min. After adding the reaction mixture to cold water, the reaction product was 
extracted with toluene and the extract was washed with water and dried. By distilling off the solvent, a crude 
product containing a compound having the structure shown below was obtained in an amount of 3.3 g: 



40 




HO 

45 

Sodium iodide (4.6 g, 0.031 mol) was dissolved in acetonitrile (18 ml) and chlorotrimethylsilane (3.4 g, 
0.031 mol) was added dropwise to this solution. To the resulting solution, a n-hexane solution (7 ml) of the 
previously obtained crude product was added dropwise with stirring at 5 - 10* C f followed by reaction at the 
same temperature for 30 min. To the reactiommixture, DBU (5.3 g, 0.035 mol) was added dropwise at 5 - 

so 17* C and stirred at room temperature (25 d C) for 18 h. Water was added to the reaction mixture and the 
reaction product was extracted with toluene. The extract was successively washed with dilute HCI, a 
saturated acidic aqueous solution of sodium sulfite, a saturated aqueous solution of sodium hydrogen- 
carbonat and a saturated aqueous solution of sodium chloride, and subsequently dried. By distilling off th 
solvent, a crude reaction product was obtained. 

55 This crude r action product was dissolved in toluene (6 ml) and p-toiuenesulfonic acid monhydrat 
(0.033 g, 0.00017 mol) was add d to the solution, followed by stirring to effect isomerization under reflux for 
3 h. After cooling the reaction mixture, th toluene lay r was succ ssively washed with a saturat d aqueous 
solution of sodium hydrogencarbonate and a saturated aqueous solution of sodium chloride, and subse- 
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70 



75 



30 



35 



40 



quentty dried. By distilling off toluene, a crude reaction product was obtained. This crude reaction product 
was purifi d by recrystallization from ethanol containing a small amount of n-hexane. As a result, a mixture 
of two compounds having the structures shown below was obtained in an amount of 1 .8 g (0.0050 mol); 
yield 57%. This mixture showed a nematic phase between 91 and 123*C: 

*- c >*'OG><o>- Br 



In the next step, this mixture was dissolved in NMP (5 ml) and CuCN (0.46 g, 0.0051 mol) was added to 
the solution, followed by stirring to effect a reaction at 190 - 200 *C for 11 hr. The reaction mixture was 
cooled and added to 30% aqueous ammonia. Thereafter, the reaction product was extracted with toluene. 
The extract was successively washed with 30% aqueous ammonia, water, dilute HCI, a saturated aqueous 

20 solution of sodium hydrogencarbonate, and a saturated aqueous solution of sodium chloride, and subse- 
quently dried. By distilling off toluene from the dried extract, a crude reaction product was obtained in an 
amount of 1.5 g. This crude reaction product was purified by column chromatography on silica gel and 
further purified by recrystallization from ethanol so as to obtain a mixture (1.0 g, 0.003 mol) of two 
compounds having the structures shown below; yield 66%. this mixture showed a nematic phase between 

26 61 and 177*C. 

By high-pressure liquid chromatography, the individual components of the mixture were isolated. 
Thereafter, the isolated components were purified by recrystallization from ethanol to obtain the desired 
compounds. 



Transition temperature 
51°C (C^N) 



* " C.H 7 -< A\ H /A W/" CN 148<»C (N±fX) 



CN 62°C (C-*N) 
1S7°C (N^I) 



45 EXAMPLE 2 

The procedures of Example 1 were repeated except that p-dibromobenzene was replaced by 2-fluoro- 
1,4-dibromobenzene (57.2 g, 0.225 mol). As a result, compounds having the structures shown below were 
individually obtained: « 

50 
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_ Transition temperature 

n-C 3 H 7 -H^y-/T\-/0y- CN 51 ° C ( C "* N > 

X ' ^ ' 148°C (N±*I) 

5 

6 ' V^VyX-^ 133°C (N±*I) 

10 * 



EXAMPLE 3 



r5 A compound of the formula 



CH r(oyO' C1 

20 

(5.0 g f 0.024 mol) was dissolved in anhydrous diethyl ether (15ml), and lithium (0.33 g, 0.048 gram atom) 
was added to the solution, followed by stirring to effect a reaction under reflux for 4 hr. After completion of 
the reaction, the reaction mixture was cooled and an anhydrous diethyl ether solution (12 ml) of a 
compound (4.1 g, 0.022 mol) having the formula 

25 

30 was added dropwise to the cooled reaction mixture at 10 - 15* C, followed by reaction at room temperature 
(25 *C) for 30 min. After adding the reaction mixture to at 10 - 15* C, followed by reaction at room 
temperature (25 * C) for 30 min. After adding the reaction mixture to cold water, the reaction product was 
extracted with toluene. The extract was washed with water and dried. By distilling off the solvent, a crude 
product containing a compound having the structure shown below was obtained in an amount of 8.7 g. 

35 

'HO 

Sodium iodide (13 g, 0.087 mol) was dissolved in acetonitrile (52 mol) and chlorotrimethylsilane (9.4, 
0.087 mol) was added dropwise to this solution. To the resulting solution, a toluene solution (30 ml) of the 

45 previously obtained crude product was added dropwise with stirring at 5 - 10 *C, followed by reaction at the 
same temperature for 1 h. To the reaction mixture, DBU (16 g, 0.110 mol) was added dropwise at 10 - 
20 *C and stirred at room temperature (25 *C) for 15 h. Water was added to the reaction mixture and the 
reaction product was extracted with toluene. The extract was successively washed with dilute HCI, a 
saturated acidic aqueous solution of sodium sulfite, a saturated aqueous solution of sodium hydorgencar- 

50 bonate and a saturated aqueous solution of sodium chloride, and subsequently dried. By distilling off the 
solvent, a crude reaction product was obtained. This crude reaction product was purified by column 
chromatography on silica gel and further purified by recrystallization from n-hexane to obtain a compound 
having th structure shown below in an amount of 3.7 g (0.01 1 mol): 



55 
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yield, 50%; transition temperature/ 154°C (C— N) 

10 243*C (N±5I) 

EXAMPLE 4 

75 The procedures of Example 3 were repeated except that the compound of formula 

CHr§{>ci 

20 

was replaced by a compound of formula 



25 

and that the compound of formula 



n-c A E 9 yBy^(^^ ci 



was replaced by a compound of the formula 



35 



As a result, a mixture of two compounds having the structures shown below was obtained (yield 43%). This 
40 mixture showed a nematic phase between 160 * C and 239 * C. 

By column chromatography on silica gel, ih4' individual components of the mixture were isolated. 
Thereafter, the isolated components were purified by recrystallization from a'mixed solvent of n-hexane and 
ethanol to obtain the desired compounds. 

45 

Transition temperature 

n ~ C 4 H ? 160 ° c (S*PN) 

50 K ^ \p 244°C (N±*I) 

64°C (C— S) 

_ _ / - x j « \_x w c ) x-P 170 ° c (S±?N) 



238°C (N±?I) 
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EXAMPLE 5 

A compound (28.0 g, 0.163 mol) having the formula 

CH^gV-Br 

was dissolved In anhydrous THF (112 ml) and the solution was added dropwlse to magnesium powder (4.36 
to g. 0.0255 gram atom) with stirring at 20 - 30 *C. By further reaction at room temperature (25 *C) for 2 hr, a 
compound represented by the formula 



75 




was obtained. 

A solution of a compound of the formula 

(30.0 g, 0.126 mol) in anhydrous THF (60 ml) was added dropwise to the above prepared Grignard reagent 
25 with stirring at 7 - 23* C, followed by reaction for another 1 'h at roorn 'temperature. After completion of the 
reaction, the reaction mixture was added to a saturated solution of ammonium chloride and the reaction 
product was extracted with toluene. The extract was washed , with water and dried. By distilling off the 
solvent from the dried solution, a crude product containing a compound having the structure shown below 
was obtained in an amount of 46.5 g: 

30 



35 




This crude product was dissolved in toluene (250 ml) and p-toluenesulfonic acid monohydrate (0.24 g, 
1.3 mol) was added to the solution and subjected to a dehydration reaction under reflex for 1 h with stirring. 
40 After cooling the reaction mixture, the toluene Jayer was successively washed with a saturated aqueous 
solution of sodium hydrogencarbonate and a saturated aqueous solution of sodium chloride, and subse- 
quently dried. The reaction product obtained by distilling off toluene was recrystallized from ethanol to 
obtain the pure form of a compound having the structure shown below in an amount of 25.0 g (0.0801 mol); 
yield 64%: 

45 

50 U 

This compound was dissolved in a mixed solvent of ethanol (50 ml) and ethyl acetate (50 ml). A 
catalytic amount of Ran y nick I was added to the solution, which was stirred at 60 - 70* C under pressur 
(£3.0 g/cm 2 ) to perform a hydrogenation reaction. After completion of th reaction, the reaction mixture was 
55 filtered to remove th catalyst and th solvent was distilled off from the filtrate. Th resulting crude product 
was r crystallized from ethanol to obtain the pure form of a compound (11.0 g, 0.035 mol) having the 
structur shown below (yi Id 44%): 
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This compound was dissolved in toluene (50 ml) and a mixture of 10% sulfuric acid (50 ml) and acetic 
acid (20 ml) was added to the solution, followed by reaction with stirring for 5 h under reflux. After 
completion of the reaction, the reaction mixture was cooled and the toluene layer was washed with water 
70 and dried, followed by removal of toluene by distillation. The obtained crude product was purified by 
recrystallization from a mixed solvent of n-hexane and ethanol to obtain 8.6 g 0.032 mol) of a compound 
having the structure shown below (yield 90%): 



75 




In the next step, a compound (4.2 g, 0.026 mol) represented by the formula 

20 

n-C 3 H7-/~Vci 



25 was dissolved in anhydrous diethyl ether (13 ml). Lithium (0.36 g, 0.052 gram atom) was added to the 
solution, which was stirred for reaction under reflux for 4 h. After completion of the reaction, the reaction 
mixture was cooled and an anhydrous 1 ,2-dimethoxyethane solution (50 ml) of the previously obtained 
compound of the formula 



30 




(6.0 g, 0.022wmoi) was added dropwise to this reaction mixture at -13 to 0 # C, followed by reaction at room 
35 temperature for 30 min. After adding the reaction mixture to cold water, the reaction product was extracted 
with toluene and the extract was washed with water and dried. By distilling off the solvent, a crude product 
containing a compound having the structure shown below was obtained in an amount of 10 g: 



40 




45 

Sodium iodide (13 g. 0.087 mol) was dissolved in acetonitrile (52 ml) and chlorotrimethylsilane (9.4 g, 
0.087 mol) was added dropwise to this solution. The the resulting solution, a toluene solution (40 ml) of the 
previously obtained crude product was added dropwise with stirring at 5 - 10* C, followed by reaction at the 
same temperature for 30 min. To the reaction mixture, DBU (15 g, 0.099wmol) was added dropwise at 7 - 

50 18 • C, followed by reaction at room temperature (25 • C) for 5 hr, then under reflux for 1 hr. After cooling the 
reaction mixture, dilute HCI was added and the reaction product was extracted with toluene. The extract was 
successively washed with dilute HCI, a saturated acidic aqueous solution of sodium sulfite, a saturated 
aqueous solution of sodium hydrogencarbonat and a saturated aqueous solution of sodium chloride, and 
subs quently dried. By distilling off the solvent, a crude reaction product was obtained. 

55 This crude reaction product was purified by column chromatography on silica gel and further purified by 
recrystallization from a mixed solvent of n-hexan and ethanol so as to obtain a mixture (4.2 g, 0.01 1 mol) 
of two compounds having the structures shown below; yield 50%. This mixture showed a n matic phase 
betwe n 240 and 285 # C. 
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By high-pressure liquid chromatography, the individual components of the mixture wer s parated. 
Thereaft r. the separated components were purified by r crystallization from a mixed solv nt of n-h xan 
and ethanol to obtain the desired compounds. 

5 

Transition temperature 

C 5 H 7 -/~)h(T>7^ 240-C (8*1) 

\ / \ f > — ' 290°C (N±?I) 

70 

250°C (S**N) 

w^y&j*)©-^ 282 ° c 

EXAMPLE 6 

20 The procedures of Example 5 were repeated except that the compound of the formul 

25 

a was replaced by a compound (31 .5 g) of the formula 



F^(C ) r Br 

30 



and that the compound of the formula 
35 n-C 3 H7-^^Cl 



was replaced by a compound of the formula 

40 



n-C4H9'-^^-Cl« 



As a result, a mixture of two compounds having the structures shown below was obtained. This mixture 
45 showed a nematic phase between 148 and 236 *C. 

This mixture was separated into the respective components and purified as in Example 5 to obtain the 
desired compounds. 



50 



55 
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5 



10 




Transition temperature 
148°C (S±*N) 
241°C (N±*I) 

158°C (S**N) 
235°C (N±*I) 



The compound of formula (I) of the present Invention has a nematic phase in the high temperature 
range and the lower limit of the temperature range for the appearance of a nematic phase is lower than in 
75 the case of known compounds having similar structures. Therefore, by mixing this compound with a 
nematic mixed liquid crystal which is commercially used today as a host liquid crystal, the N-l point of the 
mixed liquid crystal can be elevated and at the same time, the appearance of a crystalline or smectic phase 
in the mixed liquid crystal in the low temperature range can be prevented. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
20 will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

25 1. A compound represented by the general formula: 

30 Y 

wherein R is a straight-chained alkyl group having 1-9 carbon atoms; 



35 




X is a cyano group and Y is a hydrogen or fluorine atom. 

40 

» i 

2. A compound according to claim 1, wherein 



45 




so 3. A compound according to claim 1 wherein 



55 




26 



EP 0 331 091 B1 

4. A compound according to claim 2, wherein R is propyl. 

5. A compound according to claim 3, wherein R is propyl. 

6. A compound according to claim 5, wherein Y is hydrogen. 

7. A compound represented by the general formula: 




wherein R is a straight-chained alky! group having 1-9 carbon atoms; and 




X is a fluorine atom or a straight-chained alkyl group having 1-9 carbon atoms, and Y is a hydrogen 
fluorine atom. 

8. A compound according to claim 7 wherein 

» 1 j 

9. A compound according to claim 8, wherein .-. 

10. A compound according to claim 9, wherein Y is a hydrogen atom. 

11. A compound according to claim 10, wherein X and R are both a methyl group. 

12. A compound according to claim 9, wherein X and Y are both a fluorine atom. 

13. A compound according to claim 12, wherein R is a n-butyl group. 
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14. A compound according to claim 7 wh rein 



5 




15. A compound according to claim 14, wherein Y is a hydrogen atom, and X is a straight-chained alkyl 
10 group having 1-9 carbon atoms. 

16. A compound according to claim 15, wherein X and R are both a methyl group. 

17. A compound according to claim 14, wherein X and Y are both a fluorine atom. 

75 

18. A compound according to claim 17, wherein R is a n-butyl group. 
PatentansprUche 

20 1. Verbindung, dargestellt durch die allgemeine Formel 



25 




worin R eine geradkettige Alkylgruppe, mit 1 bis 9 Kohlenstoffatomen ist, worin 



30 




35 

ist, 

worin X eine Cyanogruppe und Y eine Wasserstoff- oder Fluoratom ist. 
2. Verbindung nach Anspruch 1 , worin 




ist. 

3. Verbindung nach Anspruch 1, worin ' 

55 

ist. 
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4. Verbindung nach Anspruch 2, worin R Propyl ist. 

5. Verbindung nach Anspruch 3, worin R Propyl ist. 

6. Verbindung nach Anspruch 5, worin Y Wasserstoff ist. 

7. Verbindung, dargestellt durch die allgemeine Formel: 




worin R eine geradkettige Alkylgruppe mit 1 bis 9 Kohlenstoffatomen ist; und worin 




ist, 

worin X ein Fluoratom Oder eine geradkettige Alkylgruppe mit 1 bis 9 Kohlenstoffatomen ist, und worin 
Y ein Wasserstoff- Oder Fluoratom ist. 

8. Verbindung nach Anspruch 7, worin 

-GXD- --OO 

ist 

9. Verbindung nach Anspruch 8, worin 
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ist. 

10. Verbindung nach Anspurch 9, worin Y ein Wasserstoffatom ist. 
s 11. Verbindung nach Anspruch 10, worin X und R beide eine Methylgruppe sind. 

12. Verbindung nach Anspruch 9, worin X und Y beide ein Fluoratom sind. 

13. Verbindung nach Anspruch 12, worin R eine n-Butylgruppe ist. 

w 

14. Verbindung nach Anspruch 7, worin 

-<Z>d> <XZ> 

ist. 

15. Verbindung nach Anspruch 14, worin Y ein Wasserstoffatom und X eine geradkettige Aikylgruppe mit 1 
bis 9 Kohlenstoffatomen ist. 

16. Verbindung nach Anspruch 15, worin X und R beide eine Methylgruppe sind. 

17. Verbindung nach Anspruch 14, worin X und Y beide ein Fluoratom sind. 
1a Verbindung nach Anspruch 17, worin R eine n-Butylgruppe ist. 
Revendications 

1. Compost represents par la formule generate : 



35 




40 dans laquelle R est un groupe alkyle & chaTne finSaire ayant 1-9 atomes de carbone; 



45 




X est un groupe cyano et Y est un atome d'hydrogfcne ou de fluor. 
so 2. Compost selon ta revendication 1 , dans lequel : 

30 
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3. Compost s Ion la r vendication 1 , dans lequel : 



io 4. Compost selon la revendication 2, dans lequel R est un groupe propyle. 

5. Compose* selon la revendication 3, dans lequel R est un groupe propyle. 

6. Compose* selon la revendication 5, dans lequel Y est un atome d'hydrogene. 

T5 

7. Compose* represents par la formule g£ne7ale : 

dans laquelle R est un groupe alkyle & chaTne Iin6aire ayant 1-9 atomes de carbone; et 

25 



30 



35 



40 








et l 1 autre cycle est ~{C3V~ ou "^^V ' 



X est un atome de fluor ou un groupe alkyle k chaTne linSaire ayant 1-9 atomes de carbone, et Y est un 
atome d'hydrogene ou de fluor. 

a Compose* selon la revendication 7, dans lequel-: . 





so 9. Compost selon la revendication 8, dans lequel : 
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10. Compost selon la revendication 9, dans lequel Y est un atome d'hydrogfcne. 

11. Compost selon la revendication 10, dans lequel X et R sont tous deux un groupe m&hyle. 
5 12. Compost selon la revendication 9, dans lequel X et Y sont tous deux un atome de fluor. 

13. Compose selon la revendication 12, dans lequel R est un groupe n-butyle. 

14. Compost selon la revendication 7, dans lequel 



15. Compost selon la revendication 14, dans lequel Y est un atome d'hydrog&ne, et X est un groupe alkyle 
k chaTne lin^aire ayant 1-9 atomes de carbone. 



16. Compose selon la revendication 15, dans lequel X et R sont tous deux un groupe m&hyle. 

17. Compost selon la revendication 14, dans lequel X et Y sont tous deux un atome de fluor. 
25 18. Compost selon la revendication 17, dans lequel R est un groupe n-butyle. 
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